The understanding of molecular mechanisms that are involved in the development and the progression of gastric cancer (GC) are of importance for the diagnosis and treatment. The calpain system, which contains the calpains and the endogenous inhibitor, has been suggested as an important factor in the tumorigenesis and migration of colorectal adenocarcinoma, breast and ovarian cancer, and as a prognostic marker for GC. However, the expression level of calpain system proteins in GC and normal-appearing peritumoral gastric mucosa remain unknown. The present study investigated the expression of calpain-1 (CAPN1), calpain-2 (CAPN2), calpastatin and calmodulin (CaM) in GC and uninvolved gastric mucosa tissues with immunohistochemistry. Results demonstrated that CAPN2 protein level increased in GCs compared with normal tissues, while calpastatin and CaM protein level decreased. No evident alterations were observed for CAPN1. Although the protein expression of all these four proteins was not in association with the clinical variables of GC in the present study, higher calpain enzyme activity could be a negative prognostic marker, since calpains are responsible for the generation of active forms of certain proteins that facilitate the progression of cancer. The ratio of (CAPN1 x CAPN2)/(calpastatin x CaM) may serve as a potential index for diagnosis of GC.
Introduction
Gastric cancer (GC) remains a major public health problem, since it was the fourth most common type of cancer and the third most common cause of cancer-associated mortality worldwide in 2012 (1) . In China, GC is the third frequently diagnosed cancer and the third leading cause of cancer-associated mortality in 2011 (2) . The understanding of molecular mechanisms involved in the development and the progression of GC is important for the diagnosis and treatment of this disease.
Calpains are a group of calcium-activated, non-lysosomal neutral cysteine proteases (3) . At present, the best-characterized calpain isoforms are calpain-1 (µ-calpain or CAPN1) and calpain-2 (m-calpain or CAPN2), which require µM and mM concentrations of Ca 2+ for their intracellular activity, respectively (3) . CANP1 and CAPN2 are composed of a distinct large catalytic subunit (80 kDa) and a small common regulatory subunit (28 kDa) (3) . Calpains are responsible for the cleavage of a broad spectrum of protein substrates, resulting in the generation of functional fragments rather than total degradation products (4, 5) . It has been confirmed that calpains are involved in cell differentiation, migration and transformation, and perform an important role in cancer pathogenesis and progression (4, 6, 7) .
The proteolytic activity of calpain is inhibited by an endogenous inhibitor, calpastatin, in a substrate-competitive manner (8) . The expression level of calpastatin directly effects the calpain activity (9) . In addition, calmodulin (CaM) is another endogenous regulator of proteolytic activity of calpains (10) . By binding to the PEST sequence [a sequence that is rich in proline (P), glutamic acid (E), serine (S) and threonine (T)], which is the target sequence of calpain, CaM protects the protein to be cleaved by calpain (11) (12) (13) (14) .
The role that calpain system performs in cancer is complicated. Calpain has been reported to be involved in apoptosis of cancer cells (15) . In addition, the upregulation of calpain may be involved in cancer development and migration (16) , and calpain expression is upregulated in a number of tumors, including colorectal adenocarcinoma (17) , breast cancer (18) and ovarian cancer (19) . In GC, it has been reported that the calpain activity was upregulated compared with normal tissue (20) , and it is speculated that higher calpain and calpastatin expression may be a favorable prognostic marker for GC (21) . However, there is still no direct experimental data about the comparison of the protein expression levels of the members of calpain system in GC and normal gastric mucosa.
In order to understand the roles that calpain, calpastatin and CaM serve in GC, the current study compared the expression levels of CAPN1, CAPN2, calpastatin and CaM in human GC tissues and normal glandular tissues with immunohistochemistry. The present results demonstrated that CAPN2 protein level increased in GC compared with normal tissue, while calpastatin and CaM protein level decreased. Calpain-1 appeared unchanged. None of the protein expression levels were found to be associated with the clinical variables of GC in the present study. The ratio of (CAPN1 x CAPN2)/(calpastatin x CaM) best predicted GC. Table I . The study design was approved by the local ethics committee of Northern Jiangsu People's Hospital, in accordance with the guidelines of the 1975 Declaration of Helsinki. Written informed consent was obtained from all patients. Surgical pathology specimens of 51 patients with GC who had undergone resection were collected directly from surgery and fixed in formalin (10%) immediately at 4˚C for 24 h. Normal-appearing peritumoral gastric mucosa was similarly dissected and fixed.
Materials and methods
Immunohistochemistry. Sections (4 µm) of the formalin-fixed, paraffin-embedded tissues were cut, followed by deparaffinizing in xylene and rehydrating in an alcohol gradient. Antigen retrieval was performed in citrate buffer (pH 6.0) using an electric pressure cooker for 2 min at 120˚C, and cooled naturally in the buffer for ~20 min. Immunostaining was performed according to the streptavidin-peroxidase method using a kit (Nanjing KeyGen Biotech Co., Ltd.) according to the manufacturer's protocol. Subsequent to blocking of the samples with blocking solution in the kit, the primary antibodies anti-CAPN1 (dilution, 1:1,000; cat no. PA5-27681; Thermo Fisher Scientific, Inc.), anti-CAPN2 (dilution, 1:1,000; cat no. PA5-27720; Thermo Fisher Scientific, Inc.), anti-calpastatin (dilution, 1:500; cat no. sc-20779; Santa Cruz Biotechnology, Inc.) and anti-CaM (1:20; cat no. MA3-917; Thermo Fisher Scientific, Inc.) were diluted using primary antibody diluents and applied to the tissues at 4˚C overnight. Staining was achieved using the DAB dye for 1 min at 25˚C.
The staining was observed with an upright microscope (magnification, x40, 10 fields of view/slice) equipped with a CCD camera (Olympus Corporation, Tokyo, Japan). The images were document with cellSens Entry software (Ver. 1.5; Olympus Corporation, Tokyo, Japan). The expression of the four proteins was quantified by mean optical density (MOD) using Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA).
Statistical analysis. The results were presented as mean ± standard deviation. Based on whether the distribution was normal or not, paired t-test or Wilcoxon matched-pairs signed rank test were used to compare the MOD variance in cancer and its peritumoral normal mucosa tissues. The association between calpain system protein expressions with each other was subjected to Pearson's rank correlation. Receiver operator characteristic (ROC) curves were used to investigate which protein could be the best indicator for GC, and the cut-off points were generated according to ROC curve and Youden's index. The association between protein expression and clinicopathological variables was assessed using unpaired t-test (gender) and Spearman's rank correlation (other parameters). P<0.05 was considered to indicate a statistically significant difference. Statistical analysis was performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). 
Results
Stain location and frequency. CAPN1, CAPN2, calpastatin and CaM demonstrated cytoplasmic staining, with a certain degree of heterogeneity within samples. Typical staining patterns are shown in Fig. 1 . In normal tissues, CAPN1 had a median MOD value of 2.7x10 -2 , and ranged between 2.9x10 -3 to 6.1x10 -2 ; CAPN2 had a median MOD value of 5.0x10 -2 and ranged between 1.8x10 -2 to 1.1x10 -1 ; calpastatin had a median MOD value of 3.3x10 -2 and ranged between 1.9x10 -3 to 9.1x10 -2 ; and CaM had a median MOD of 1.2x10 -2 and ranged between 2.0x10 -8 to 8.1x10 -2 . In GC tissues, CAPN1 had a median MOD value of 3.2x10 -2 and ranged between 3.2x10 -3 to 1.4x10 -1 ; CAPN2 had a median MOD value of 8.1x10 -2 and ranged between 2.0x10 -2 to 1.4x10 -1 ; calpastatin had a median MOD value of 1.7x10 -2 and ranged between 2.8x10 -3 to 6.6x10 -2 ; and CaM had a median MOD of 1.6x10 -3 and ranged between 1.0x10 -8 to 4.3x10 -2 . Paired t-test demonstrated that calpain-2 exhibited higher scores in GC compared with the normal tissue (Fig. 2B) , while the expression of calpastatin and CaM decreased in cancer tissues ( Fig. 2C and D) . Wilcoxon matched-pairs signed rank test indicated that the expression of calpain-1 exhibited no difference in GC tissues against gastric mucosa ( Fig. 2A) . The association between the expression of the proteins with each other was assessed using the Pearson's rank correlation coefficient. As exhibited in Table II , in GC tissues, the expression of CAPN1, CAPN2, calpastatin and CaM proteins significantly correlated with each other (P<0.05), though these correlations were weak. In normal-appearing peritumoral gastric mucosa, the expression of these four proteins also correlated with each other. The expression of calpastatin exhibited a stronger correlated with calpain-1 (r=0.741; P<0.001), while that of the others were weak.
Decisions ROC curves. ROC curves were employed to determine whether the calpain system proteins are potential GC specific biomarkers. Area under the curve (AUC) of ROC curves, cut-off points and positive likelihood ratio were generated (Table III) . Among the four proteins, CaM appeared to be the best discriminating marker for GC (AUC=83.2%).
Since the calpain activity is regulated by calpastatin and the activity modulator CaM, the ratios of calpains to the regulators were also investigated (Table III ). The results demonstrated that when the ratios of these protein levels were used, the AUCs of ROC curves increased. The MOD value ratio of (CAPN1 xCAPN2)/(calpastatin x CaM) demonstrated the best discrimination power (AUC=89.7%) compared with the situation when single protein expression was used (Table III) . Since the ratio of (CAPN1 x CAPN2)/(calpastatin x CaM) may better reflect the calpain activity, calpain activity has the potential to be developed as a new diagnostic indicator for GC.
Association with clinicopathological criteria. The expression levels of CAPN1, CAPN2, calpastatin and CaM were assessed for their correlation with a number of clinicopathological variables, including age, gender, tumor size, postoperative pathological stage and clinicopathological stage (cTNM) ( Table IV) . None of the proteins investigated in GC or normal tissues showed significant correlation with the clinicopathological variables.
Discussion
The current study investigated the expression of four calpain system proteins, CAPN1, CAPN2, calpastatin and CaM between GC vs. uninvolved mucosa tissues. The expression level of CAPN2 was higher in GC tissues, while the levels of calpastatin and CaM, which inhibit calpain activity, were higher in uninvolved mucosa tissues. However, CAPN1 protein levels were similar in the two tissues. The alteration of these protein expression levels is in accordance with previous enzyme activity investigation 20) . In addition, the alteration of calpain system protein levels was also observed in other types of cancer. In colorectal adenocarcinomas, similar to our results in GC, upregulation of CAPN2 and Table IV . Association between calapin-1, calpain-2, calpastatin and CaM protein expression and clinicopathological variables. Table II . The correlation between expression of the proteins in normal-appearing peritumoral gastric mucosa and cancer tissue with each other. downregulation of calpastatin was observed (17) . In human prostate cancer, the mRNA level of CAPN1 increased (22) . These results suggested that calpains may be an important factor in tumorigenesis and tumor progression, and higher calpain enzyme activity may be a negative prognostic marker. Studies demonstrated that calpains were responsible for the generation of active forms of proteins that facilitate the progress of cancer: In breast cancer, calpain was associated with the cleavage of human epidermal growth factor receptor 2 (23) and E-cadherin (24) , and the two products were responsible for the progression of cancer. In prostate cancer, calpain was hypothesized to be responsible for the generation of active androgen receptor cleavage form (25) . In accordance, high-level calpain indicates poor clinical outcome in human breast cancer (18, 26) . However, in GC Storr et al reported that high level of CAPN1, CAPN2 and calpastatin each indicated a favorable clinical outcome (21) . According to the present results, the expression of calpastatin was in positive correlation with calpain in GC. The correlation between the protein level of calpain and its endogenous inhibitor, calpastatin, may be reason that the clapains and its inhibitor, which exert opposite functions, both indicated a favorable prognostic result of GC. Since calpain activity in the prognostic investigation is unknown, whether the higher calpain activity performs a favorable role in GC requires additional investigation. To explore whether calpains and their associated proteins may be used as biomarkers that possess diagnostic and treatment potentials, ROC curves were employed in the present study. According to the AUCs (Table III) , when using a single protein, CaM provides the best prediction (AUC =83.2%). In addition, the four proteins in combination, (CAPN1 x CAPN2)/(calpastatin x CaM), improved the prediction ability (AUC =89.7%). Since the ratio of (CAPN1 x CAPN2)/(calpastatin x CaM) may better reflect the calpain activity, the present results suggest that intra-tumor calpain activity may provide a potential biomarker for GC. It has been reported that calpain was responsible for platelet secretion (27) . Galectin-3 secretion is also dependent on the calpain activity (28) . In addition, calpain itself can be secreted by tubular epithelial cells (29) . Thus, detecting serum secreted calpain or screening serum secreting proteins direct or indirect regulated by calpain may provide a new diagnostic target.
Normal tissue Cancer tissue
The protein expression levels of intra-tumor or normal-appearing gastric mucosal calpain system showed no correlation with various clinicopathological variables, including gender, age, tumor size, T category, N category or cTNM. These results are different from Storr's study (21) . Whether this system is correlated with the clinicopathological variables requires additional investigation.
In conclusion, calpain may be a positive factor in tumorigenesis and tumor progression. Although the protein expression of all these four proteins was not in association with the clinical variables of GC in the present study, higher calpain enzyme activity may be a negative prognostic marker, since calpains are responsible for the generation of active forms of certain proteins that facilitate the progression of cancer. The ratio of (CAPN1 x CAPN2)/(calpastatin x CaM) may serve as a potential biomarker for GC.
